Searching PAJ, 


• • 

PATENT ABSTRACTS OF JAPAN 

(1 DPublication number : 09-167936 
(43)Date of publication of application : 24.06.1997 


1/2 ^— v 


(51)Int.CI. 


H03H 9/145 






H01L 41/09 






nUon y/zo 





(21) Application number : 08-179551 (71 Applicant : FUJITSU LTD 

(22) Date of filing : 09.07.1996 (72)Inventor : UEDA MASANORI 

KAWAUCHI OSAMU 
ENDO TAKESHI 
IGATA OSAMU 
HASHIMOTO KIYONARI 
YAMAGUCHI MASATSUNE 

(30)Priority 

Priority number : 07265466 Priority date : 13.10.1995 Priority country : JP 



(54) SURFACE ACOUSTIC WAVE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the minimum loss, the broad band and 
the squareness ratio by selecting a piezoelectric single crystal substrate sliced 
at an optimum cut angle with respect to an electrode film thickness. 
SOLUTION: For example, a piezoelectric single crystal having crystal axes X, Y, 
Z like an LiTa03 is sliced around the axis X at a rotation angle e tilted from the 
Y axis in a direction of the Z axis as a substrate. When the angle eis selected 
higher than a conventional angle of 36° , the surface acoustic wave device with 
a high Q in which the attenuation in the surface acoustic wave is less for a GHz 
frequency band is obtained. Furthermore, since the position of the filter pass 
band is shifted toward lower frequencies with respect to a conventional spurious 
peak attended with the applied mass effect to electrodes at high frequencies, 
the spurious peak is located at the outside of the filter pass band in the device 
formed on the substrate with a higher angle e. Furthermore, the squareness ratio 
of the pass band characteristic is changed with the angle e and especially, the 
higher angle e is used for a GHz band than a conventional angle to provide 
excellent pass band width and squareness ratio to the substrate. 
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(2) ^m^9 - 1 6 7 9 3 6 



[i»**i] iznm&t. niBE«x«»B^»A$ 

titzA 1 ^M^^t51^^-> «t 0 

BuE«1l'**->'tt, BuEffi«S«±t-Sbje£n*#tt 
^B2&<£>$t^cO0. 0 3 — 0. 1 5cDjS[acOJ¥£ftW 
L ; fuEJEEHX^te, L i T a O3 SMgSift. Xttlft^ 
Y#t5^ Ztt^fpJiC 3 8-4 6° CO*gIS^^S"C 

[f***2 ] huEJBE*S««. L i T a O3 tJMSigi 
ft. Xttft^frt^ Ytt^bZ*l!*ffi1tC4 0-4 6° CO 
«H^A*-ClEl(E*"&fc*ffi«:*"*-S ^<7)-e$>^>^ tit 
»»i-r-5l«*«iEit(0#tt*BttaS|t 0 

[§***3] H«ffi««^^->tt, HulBI=E*3£«-hi- 

afi$;ft5#t£*BR<£>iKfi<ao. 0 5-0. 10<E>«S 
B<Z>«$ftWU WBEE**IRtt. L i T a O3 HU£A 
ft. Xttft'P'ktC. Ytt^b Z#^f^tC4 0- 4 4 lJ CO 

«&ia<£>£i* -c*> 5 r £ * 

Wli:t5JI*« 1 ftV^ L 3 cov^-f *t^-*Ei&co#f£ 

[1***5] MEfiEtSfil^ LiTaOs 
ft. Xttftf'frf^ Y^f)Z#Ml:4 2° cO^ffi^) 
a*-CEe$-frfc;frffift*-r5 W-Cfc5l^^»i; 
-f £§*** 1 £«^Wtt^Stt%K. 

[1***6] fiE««^^->«. Al«t545:i: 
ft*Hfc£-*-6H!#J* 1 ft^L 5 Ol^^-«iet^)# 

[1***7] *JE«*^^ — Al-Cu^J; 

•? ft 5 r t zftmt -r^t*** i4^i5 cov>-r n^- 
*E«cco#ti^®^^a 0 

[1***8] *->«\ fllEIEE«X**B 

1-7^5 fev^m^-*E*w3W±*B*tt«. 
[1***9] HtM^ (KlEEfSfiXII^S 

tiit a 1 ft 'i,t ottsjutas 

BMB«tt>* * — BftEflE«**±*-lftjB**x6*tt 

SS&^StftcOO. 0 3—0. 1 5 <£>«£ffl ft *f 

t ; WrE£E«MR«\ LiTaOs IMSAft, XWft^ 
-tK, Yt6^f)Ztt^C3 8-4 6 D (OjffiHcO^S"C 
0teS*fc.*ffift#L ; MEtS^^-^tt, ffiS^S« 

[1***10] «rE««^^-^tt, WEJE«*«* 
B_hic s »**Btt©fi«BlS^»oT»riiSnfcllll 



S6MMEIIIi43«tt«l!2<o«»««f±, tuE 
ffi«S«*B±tc*5^T, iuE^tt^BR^fctJE&SSco 
'>ft< £fc l/2H±*B5 ^<hft^m^-T5f***9 
E«wSW4*BK^-f 

[1***11] fjE^i^«^m«l^> lWEiEtt*« 
SB±^*5^rWiE»tt*B»<oe*fttttc:KML, # 
iatc«rEAfj»^*c*«Sixfe:»ft<7)««»«t 9ft5!B 
1 .J:. 51tMC#iilc««$n, fluEIBlw* 

«Jt»colBic -frft-f J: 9 ft«£ 2 WIS 
»»£,fc?>ft*)> mfiW2 0>«»«itt:, auEHmS« 
*B±*-J3V^rME#**B«^e*«KJ-SS*L. * 

aicj»EWft»^i-^*nfc*«o«s»j: *)tez>m 

«» <h J: «9 r <t ft«F»i: -f 51*** 1 0 E*cco#t£ 
[1***1 2] 8fiE»i*>^VMilB2^«?K*«*i« 

amsmkn, me*»^«i««*«*^weii»w 

J(E2<7)»»**fcH:, BtrEEE«S«*B-b»c, fuE#tt 
fct5 1***1 0£fcl±l lEtW*ttSI»7>f./i/ 
[1***1 3] WEtft'^-^tt, ffirEEE«£«* 

HuESl^lSlt, «rE/E«***B±(-*5V^T«t 
ESM4*B«*oe»eB*c2*i--6 J: 5lc^*Sti, * 
a«cX^^(c«WE*tbfe**<0«lJB«l: 5 ftSlg 1 co 

t X 9 ft V , 

H»E!l2(Of»tie, 8dEJE«JE«*ffi±(-43V^-CHff 
E*tt*B*^e»SWt^5S*U, #«UiMEJS2 0>m 
«^ $ ixfc* Sc«o*ttit <t 0 ft 5 US 3 oUtt 

««« w n K frffi-f- 5 S^coS^m J: *) ft 5 * 4 <DM& 
mmt XV 45r^^i^t5 IS** 9 E«^#tt* 

[1***14] gftE»«'**->'«:. S&K. ituEJE 
«*«»BJi«-^>Ti(rE!»tt*Btt^e*3R»*wX* 
-T5 J; *ii{CBtjEW2^)««ia»tc«jBt 
^tiAc^^m^Jti: 9 ft6^5 wSHm»i:, SVHc 

©ccoS^mJ: 5 ft5fB6<o««Jgl¥£ «t «9 45»30* 
; ME£E««E*B±^i3i^-Cl»E*Mt*Btt 
coama^tc^^L. *ii^SuE*4^««J=gWt-«iBc 

#atcta^»^-jc»«gsn. WEiB7co««m»aDmjc 

Mt6S^«i*ict 19 ft£!f§ 8 coS«^»i: J: «9 ft 



(3) Wffl¥9 - 1 6 7 9 3 6 



[9*915] *9E««^^-^»i, S^CWEEt 

#<a«4iig«tg*5*5o*«m#-!:, sw^ii^g 
»E»5o«i»»oiB^«E-fa**o«« 

<t 5*6*6 com^S^ t J: 0 *S * 3 (OWtWIM* 

aaE*3w«^*:ifi{±, mE**2(oMn^««ic 

»»Lr»*Slx-CV^6Ci:t:»»J:r-5l(l**l IE 

6] JBE«*«fc. «rEEEm***fi*c»* 
ZthfzA 1 «r^»t-r5««^"^-^^ «t 9 **»tt 

»E«i^*-^«4, SfJEJ3E«»«-h^JftjB*n5SHt 
^B&<0&gC9 O . 0 3 — 0. 15 ^teffl 60 /¥ $ £ W 
L ; HuHEHmS^I-i, L i T a 03 Xtt** 
-CMC Ytt75>^Ztt^rSl(C3 8 — 4 6° <o«*[Sco;ft*-e 

fc* i -* 5 <^«^m®£^ ; Mis* i (ommmm 

14. !BEffi**«*ffiJi^*3V^-CttE#tt*ffitt^e» 

»J:0*6*lo««B»i:, Six. 
iiirE* l ^*tt«W^IB*c^flEr <t 5 4 

5 * 2 ^m^rns* t * 9 * 0, 

«IB*2Wl»tili, TOEffi«X«*ffii:fcl*3V*-Clffl 
EJM**iHRwe«a»*cS!aL, #iiK?iuE*2tf>* 
«»«{c»«|£S*xfe*«cw««}B J: 9 ft 5* 3 

Sv^(c#iS(ctH^«^-t-^^tu. HtJfS^3^m 

Jg«<b J:«9*t) ; mmm 3 <DMMmm&, SfeK* ffjfE 

BE«***BJiicj3v^r»E*tt»flfittoe*a«jcss 
*-i-s«t5^»«sn. *aic«rE*i^««»»^» 

lc#iBfc:*JftS*u «TE*5(0«*«»oiB*-^fiE"r5 

W»«ttfc i9*9 ; «rE*4<o«»*1fitt, Sfefc:, 
«rEffi«*«*iB±*-43v StrE»tt*Btt^e»aK 
i^ii, #ii^«rE*2^««ffiW*c««t$nfe*«c 

»<nnmm£ r> fts*8o«i»iii .t 0 *s*4 *>* 
t ct «9 * ^ , 

me* 5 (owmwmz. £«bi-> WEi=E**«*ii±K 
fcv^TWE»tt*Btt<oeiiftaKtc55a-rs«j: 5k»j* 
six, #afc«rE*4o«*»w«-««*Hfe*«^« 



A 1 ^ J: «9 **JM* 

MEtI.'^->«:, iftEJE*£«±t-®fi£ft*#tt 
*Bi£<oiBtfitf>o. 03-0. 1 5 co«SHGOJ¥££;fr 
L ; SffEEEmS«(4 L i T a 0 3 **UeA&, xmSr^fr 
(£, Yttl75^Z W^-fnlM 3 8 -4 6° <nt&M(Oft& vm 

«*ffi±tc*5v^-c#ii^* 1 ^*^-Jc«N«**tfc*»w 
*«8J:9***l<ottffitt£, *2co»J<z>Wf-lcS 
«9E*i«o««JB«^HBtc^ft-r 

zmk<nw&m& v *s* 2 £ *> 

^ttfcA 1 &±a&k-tz*m'<*—>k <t u 
^ss^k^coo. o3 — o. 1 scDt&mcomz&ft 

L ; BuE£E«S«i4x L i T a O3 Xtti£* 

'Die, Ytt^?>zwi*f6ifc3 8 -4 6° (Dt&m<vfi&-e 

[ItMl 9] J£«X«.t. H(iEiE«fiK*B(-^ 
SttfcA 1 t±rt»tt5t*'^->i:«t B**»tt 

ME**'** — H&Effi«««±l-SbfiS*t*#tt 
^BStto&gcoo. 04 — 0. 1 2coasil<Z)J££$r=er 
L ; bijISI£*S^I4. LiNbOj Xite£* 
*D(C, Yttl/^ Ztt*fM](C6 6 - 7 4° </)«S[S<7):ft££-? 

[»*52 0] mjEJEE«JKS*4. LiNbOj DiftSA 

*M*J: 2 0Et<o#tt*BK8Io 

K»fiSft*»te*ffi*^tt*<ao. 05-0. 10 co 

0|S«(D#t4^BK^go 

[»*9 2 2] iUE*«^^ — >ttA 1 iUi^ri 
^^<»i:i-6fS*^l 9-2 icD9^> v^-f e tt^^^ia 

[|g*JS2 3] huE«« — A 1 -Cu^i 
l9ftSri:**W»t-r5BI*J«l 9-2 lco5^>, v^-f 
ttd^-«E*^SH**ffi»K«o 

B±tc s *«o*«««:ffl^^7^-ffl7-f /w^fcJBrt 
t51^S:#»^t5»*9l 9-2 305%, v^-fft 
d>-«E«^#tt*ffi»3fiHo 

[M**2 5l huE*«^^~>I4, ffiE£E*£«% 



(4) 



ftffl¥-9 - 1 6 7 9 3 6 



[m*S2 6] wEifli^^-^tt, luiGffims^* 

-fsis^iii 9-2 3^n, 
[»#5(2 7i mews'**-^*. fjismms^* 

Wiin»*9l9-2 3^H, V>-fix;d»-J5E« 
[»*«2 8] hIjIS**^^-^^, fuEJ£mS4£i£ 

[11*529] «ie««^ s&ejee*£«3c 
[9*930] EtMi, ne£E«xc«ai(c^ 

SivfcA 1 ti^tt-Stl/^-^i ct •? ft5#tt= 

^B^W^^co o. 04 — 0. 1 2<£>t5ffl<E>JS£Sr* 
L ; HfiEJ3E«£«li, LiNbOa HMg*£, Xtt£^ 

E(E**)5i*fl:*:*U ; WE**-'** — ftuEffim 
*tt*B-bK, #tt*S8ofiitti:iBo-c»jJSh 

6S2 t x <o ft 9 . fjEm 2 cottB^m*^. 

KXMU *atc«FE»2(D««JB»^»«Sixfc*«c 

*T-«c«K*n, HuEm3^mffiJi»^rfl^^ffi-r5^ 

v^rsaE?iH4*B»[^e«SK^25sM-rs «t 9 iztei&z 
ti. #iijcttE*i^«*»w^*i«*nfe*«om« 

5 IS 6 co mums* <^ «t 9 « * 3 co«5^««i <h J: 9 ft 

BtcttEJS 2 (0««fg#«c««*ixfc*«c(0«1«t J: «9 
ft5* 7 

tt, mEiB7(^«ttje«wiiB^iaE-rs*»w*«JiJ: 

^£5S8 com«tg«¥i: J: 9 ft£|g4 <o«^m«£ J: 9 



ft 9, 

hSEIS 5 Sfctc. BfJEffimSS^B 

±tc*v^TJ»E*tt*B«oejlBaB«c:5saE-r-6J: 3 (c 
TKfiJSSft. #iB«r«JEfB4^««tg«tc»lji£Six^*» 

Six, ttE«S9(OtliRR^IIII^t31ft^tltt 
J: 0 ft 5^ 1 0 tf>B«Jg»<i: J: «9 ft5lg5 coffi^m*$J: 

[»«<&»»*»«] 

[ 0 0 0 1 1 

nfcaa«««Ftt«r*-r*»tt*B*atit*-BBi-6. 

[0 0 0 2] 

iA<tbtitv>5 0 d»*»5»tt*B*3tHtt-i(W-EE* 

&^{£&k 2 «o-C*Btt<OBfiJft*ASi« 
< , *^Kffltt««Jcj3V^r«B«^e»*5fe^/hSv^ 
IT, 1#(CL i Nb 03 m^^ 0 cO6 4° 0^ 
Y^7^ hStc^oi^-cSBR^eW^l^lSrX*^^ Lfc6 
4° Y-X L i Nb0 3 (K. Yamanouti and K. Shib 

ayama , J . Appl . Phys . vol . 43 , no . 3 , March 1972 , p 
p. 856) fc^^HL iTaOa ^^3 6° [HJ*faY;*7 
y h«tCioV^T*BK^e**-|^*X*-ffil<b 1X3 6° 
Y-X L i T a 03 *«d*iS< tt*>nrv^a 
[0 0 0 3 ] 

g Hz w«jE«-eo«ifp«c*3v^-cwt, m^co/? 

Lkai8£l2ft<bftv\, r^j: 5ft^i^^W^r*cD 

[0 0 0 4] ^W<t5ft**tClffiStfi«^)»I^*5V>T 

^/i-^wa«W*«fc5VMi#tt*Btt*fi*«)**Jt 
y fc/hS < r 5 r.coj:9ft«^-c 

*U *Btt^e***^i«*UTL4 5IB«^i: 
5 0 £^5^/^2££S S BW (surface skimming bul 
k wave) £:^U *fc^WSSBW«:#pSBft*L 
SAW (Leaky surface acoustic wave) t W~t 5 0 J¥l N 
t«t*ofc*tt«BJIl7 >r A^KiStt 5 L S AWCO 
e»»^^oV>T^. 3 6° Y-X LiTaOa ^^^6 



(5) 



^Pl¥9 - 1 6 7 9 3 6 



4° Y-X L iNbOa SStCoV^T, Plesskyttl, &>£ 
VM* Edmonson ftfetC J: 9 tff^ £ ft TV % 5 (V. S. Pi 
essky and C. S. Hartmann, Proc.1993 IEEE Ultrasoni 
cs Symp. , pp.1239 - 1242; P. J. Edmonson and C. K. 

Campbell, Proc. 1994 IEEE Ultrosonic Symp., pp75 
- 79) 0 

[0 0 0 5] t r >E>-C, ~(D£o Kfe&CD 3 6° YX L 
iTaOj ^5^116 4° Y-X LiNbOs ^^0, L S 

/yT^f-^iSaiSltli^ (M. Ueda et al. ,Pro 
c. 1994 IEEE Ultrasonic Symp., pp.143 - 146) 0 
[0 0 0 6 ] H] 2 in. iilS Ueda ffec^jtjtt^ ct 5 ^® 

^113 6° Y-X LiTaOs *«-btC«dcS*U, Sb^St 
gC9 3%tCffl^-f 6 0. 4 9 m mCO/?£60A 1 - C u ^ 
«9 fc*«»«tt**ric£ft-0*5o 
[0 0 0 7] 02 1 ^#^-T6tc, ^7^^ 7^ ^ B 

«3 3 omhz iEfftc»fi8*nfcaa«*^nc*i:Tv^ 

iDW*, ^*^^JKfft-tt#-t*5^(C*fU. SSBWO 
#5fitt«ttog(Wc4jt#U*i^fcJe>. GHz 5 

**fl««*tfo»fft?rt:, *«oK/*£$ja£XBKft 

L SAW(7)jf^t8^ttti^ 
[0 0 0 8] WCGHz m<V£ 5 

[0 0 0 9] -^r.'C, *&Wte, Z<D£o/£'&3£<Dfflm 
[0010] 

»*«ltcE*tLfcJ:5«c, EESX«£. huEJE« 



14, suiEi£SSfi-b{cfi(ijtaSixe»'(4*ffiKco»[*o 
0. 0 3-0. 1 5 C0j6ffl<7}i9££r lf L ; HJiSEE^SS 
14, LiTaOj ^ttS*. Xtt^'C^C. YttlzMbZ 

I*. LiTaOa X«^*^:, YW»5)Z 

w-rs t>^-c^5- ^^^mir-raii*«iiE«^#^ 
Knatt^^-^n, ii(iEffi»x«i:t-Ebfi£fts*M* 

^Di&O^fi^O. 0 7 — 0. 1 5c0^ffl(7)jf:$^W-r 
5^ £^«<b *5BI*jI 1 * fctt 2 E«o#t£i£B$t 

J4, (aE£E«XS±*-Jftfi*ix§#tt*a« 
co&stoo. 0 5 — o. i ooiSffltaffSSr^ru fuE 

£Eft*«H:. LiTa03 X(*«r*-C.^ Y 

i^^zi^(c4 0-4 4° <o-45ffl^jS-eiEl(BS-ti: 

v^L3cov^■f4^^^-JSE«o#^±*S^KSiaic t t t), * 
fc«:M*l5KE«L*:<fc 5 ic. suEJ£m&lkJ4. Li 
TaOs ^S^r, Xtt^'kM, Y$ib^Zte^lp](C 

4 2° (o«sKcoft*^isite*^fe*ffi*^r-rst^)-c*> 
a r t 1 E«^#tt*ffi»*«j- j: 

•9, *fcl*«#JE6KE«Lfc<J:9i-, »Eti^^- 
>-|4, Al J:?)45rt*»*i:t6IIMlftV^L5 
<ov>Tft*»-*E«^IIM4*BttS«K* «9. £fcJ4IS 
*^7icE*Lrc<t 5JcSuE*S^^ — Al-C 

u^ct -r^flweis l^vasov^ 

m*»-*E«^#tt*ffi*3fi«J-J: 9 . 

8 (cEiSLfcJ; mmmm^f-^n, mJE/£«S 

1 - 7 co 5 *>v^-f n^-J»E«^»tt*ffitt»« 
Sfcli»**9{cE«Ufc<t ffiS^ 
«TE£E«a£«*li«-JRfiK*ix^A 1 Sr±j«»4:i-6 

mi E*« ^ - > l"± > hu lEfflSii ^JftjB * ti S 
^®ffi<7)^^^0. 0 3-0. 1 5(D^m(Dm^^:^ 
L ; ffirE£«X-fifl, L i T a 03 X#^^ 

Y«i^ibZ!tt^[c3 8-4 6 a (ommcD^mx 

«TE* l^J:t>'m2co«i^mffi{4-ett- : etiA^«T 
*3«tt/UJ*MI^-^««gSix. Sfc*-«rE*l*5«ttJ c »2 
co«6^m®«4, ttE£E*»K*B±^j3V^-C, WESW4 
SIK<?)fi*aB(0'>i <Hi/2 J^±^H 

&mk-rz>m#:m9mm<n bk ^ -f ^ * ^ o > 



(6) ftffl¥-9 - 1 6 7 9 3 6 



ca««^ J: 9ft SlfSl 5VK#aK*K 
£ft, «rfi*i^«*«W^WJ-^flE-r^*«c^««» 
J: 9 ft SIS 2 J: 9 ft 9* tfrESS 2 <att7&* 

»ftK^5fL, ftifitcWEiu/ja-T-j-ftirtsnfciift 

£ft, WEIB3<o«*ffiW(OlB(c^ft-t*5*«c^«*}B 

j: 9 ft s * 4 « m mm t x 9 ft s r. t £ » » t -t- 5 n 

#«i 0E*o»tt*Btt7^/u*lcJ:9, 
« 1 2 KE«Lfc«fc ttEWl*>SV^f±JR2<0«» 
£ft. iwEIS-SwSS l <a«^S«>:!iu 
E«*^*2 0«*«l£tt\ HuEIEmS«*BiLl-> 
*J E9M4S ?>fc*3£i&M » o T ic K1S: £ ft -5 ^ 

i o*fcrai iBt^#tt*i8 

7>f^?ia^ ifett»*3Sl 3tcE*Lfei5*c, 
iEti^^-^ll, SftE£E«i;*«B±J-*fiK*4xfc 

Si^)iii«il2^iiii^m> «je*i*> 

mE£E«X**ffi±tc*3V^TWE#tt*ffi 

fc, 51<rM£#afc**S*u i»EJRl^««»»^mt- 
^r**«^«*JSJ:9ft6*2^*«i»»i: J: 9ft 
9, Me«2 0i»ti», WEJQE«**»B±JCJSV^ 
-CttE3Wt*ffi*coej(Betttc5S36U, *ii*c«rE*2 
<o««IB»*c*l«*ti^a[»o««JB J: 9 ft5§g3 of 

w««»»<olB^ftr«**^««»J:9ft6lll4^ 
tJ:^^:^^^ -T 5 9 E*c<o# 
tt*B«7^^^^,t9, l 4(c„ 3 Ei'.fe 

«fc3f£. ii(rE*1I-'** — huEJEE«S«* 

ffi±^43v^TwfE#tt*ffia^e»eisjc55*^5 & ? 
$k<Dmmm * 9 ft*»5 £v*tc#a<c* 

Jft**K S(lE«5co«**gW^fW^ifiE-r5**fiO*ffi 

» x r> fts» e <&**fg»fc J; 9 ^613 

<b ; ttEEE**«»ffi±tc*3V^TWE*tt*Btt^(S* 
g&u:£iiu *ii(cME»4<z>*«}BW^*«IE$ixfc 
IS^comffiltJ: 9ft5m7(7)m«m»^, EWzftai- 
m*»^«KS*t, (MfE»7«)««»»o||»c^+ 
5«»<£>S«JgJ: 9 ftSlgS J: 9 ft -5 IS 4 

(WE«*/<^-^W:, £ $>K«rEI£«X«*B 

i:icfcv>r#aic«rEA^*^i-*«*nfc*jfc<o*« 

mi:9ft£|g5(5omtem»£> EVMC*ffl«r«j|«$ix. 
fJEm 5 o«i»»iZ)|B*c^-r J: 9 ft 
5tB6O««JB»i:J:9ft*Jll3(0l»»«l*:**, Aft 



EtR3co«?»«««, ttEmg2<0tt»m«tcMfeLT 
^J**4xTV^rt*»*i:-r-6»3R«i 1 E*tC0#^ 
*fi«[7-f /p^jcJ: 9, l 6«cE«Ufc«t 

5K> EEm£«£ % BBEflE****BJ-»«*4xfcA 1 

^±^^«ii/^->^ 9 ft^#^^ffiK^^ 

;u^«c*5V^r, KrE*«.^^->tt, BuEJEEmSS±lc 
J©jg£ft5#f£^BS<7)fitg<7)0. 0 3-0. 15(0«S 
H<B«*«r#L ; *^BEE*3MR«:, LiTaOa ^^fp 
Sr, Xitfiic, Y***»?>ZW*|S]tC3 8 -4 6° (7) 

tt, iiuEJEE«£«*Bi:fc, #tt*ffiiK^e*8SKlcft 
oT»fiKSftfc«B 1 - !5(^)iMi^^ ; mlE^ 1 
«rE£E«***ffi±Jc*5V^rWE*Mt* 
B«^eHB»KtcS5«L, #aicA;fc*^-««Sftfc 
m^cc^m^mJ: 9ft6lg 1 2vMc*»tc 

*»J:9ft5fR2(0**«»i: J: 9 ft 9 , fftEiB2co# 
«rEJ3Em***B-bJc43V>T«TE»tt*B« 
(Og«Mt^il, *a^HaE*2w««»»«c:»«t 
$ftfc*ft^*««£9ft**3<fc«tt»»i:, EVMC 

#autt^»^Kit*«£ft % iuE*3co«sm«^ffl^ 

«fc 9 ft Slg 4 ^m«^l¥<h J: 9 ft 
9 ; MEffi 3 (DWmWSkft. £<btc. HNEffimSS^® 
±Jcfcv^r»E»tt*B«^e«aK*-SSl6'*"S«t 
»/ac£*K *a*wttEJBl<o««**^*|j|ESixfc*«c 
^m«^J;9ft5?&5tf>mttJt#£, £VM£#ai£«» 
Six, ME1R5<o***S»<ollll^^ft-r6*ft<o«*}B 
J: 9 ft53S6<D*ffi}Bi¥£ <t 9 ftS£3<a«ff2«£.t J: 
9ft9 ; ttEIM0>«»*««\ ^^ic. buEJ£«3£« 
*B±*-*3V^TttE*H**Btt<ofi«aKJc3>S*U. * 

a«cttE*2(o«ttffi««c»isssnfeii«^««ffi<t 9 
ft5m7co«Mi : §s¥<h , siMc*a*cw*«i^-ic*aES 
ft, HtjEm7(7)m«mi¥^^ic^ffii~5 ; ?ssc^m^mci: 
9 %:z>m8<Dmmmmk£ 9 ft 5 £4 <r>mi&w&b x 9 

ft 9. HuE*5^«^«*fi, S«b«C b5EJE«£«* 

B-b(c*5v^-c«E*w4*Btt<oe*a»tcxa-rs * 5 
»-»ritsn, #atcfflrE3R4o««fflw^sN«*nfe* 
»cDm«mj:9ft5m9^m«^»i:, siMc#ai-ft 

ife^ft. ttE»9<o««JB»<o|Btc^ft"r5«[»w«« 
m <fc 9 ft>5 * 1 0 (0««Jg»<b <t 9 ft^m 5 to#^«ffi 
«t 9 ft5^ i:Sr»*<b-r5#tt*B«[7>f ^u^tcj: 9 , 

->-t£. 9ft5#tt*B«#fi»{-*5l^T. SuE«^^ 
SuEm«StR±tc®fi$ft6#tt*BiR^St 
^coo. 0 3-0. 1 S^ttffl^ffS^^fL ; S5Effi« 
MllLiTaOj *^f 0 ^, XHSr^t^C. Ytt^ib 
Ztt^fSH-3 8 — 4 6° <7>teffl(7^ST0te£^c;frte 
Sr^L ; WEtS^^-^tt, SJE£E«***B±«cj3 
i*-C*atcJ|S 1 toM*t£#m£ti1±WL9L<OMaMt£ 9 ft 



(7) 



^9-167936 



5* i (ommmmt, $2^sij(o^(:5^(^icg 
m£9tzzfS2 <nmmmmt «t 9 4a«»«s*rfttf r 

«JE£E«*«JitcliijK*iX'5»tt*ffi«^tt*^0. 0 
3-0. l 5 co«fflGDj?:££^rL ; itufE/iSS^I*. L 
iTaOj XttSr*'fr{£, Ytt*>«b Z 

M 3 8 — 4 6° (0«l<OftST?@KStfc*ffi*tt ; 

wvk&m&mmmc * 9 . i 9 ice* ufc 

EEiS^^ HSEJ£«X«*BI-^J«£nfcA 

^^n^f^ffiMf^O. 04-0. 1 2oD«ffl 
Xtt£^kW YW^ZttMl:6 6-7 4° co 

sEScLfcJ: b 8&EJ£«X«tt:. L i N b Oa mt&$> 
Xttl^^klC, Y»**e>Z***lfiItC6 8-7 2° CO 
•SH^AaE-eEHES-tirfc^ffiSrW-rs t><o-C&5 r <h ^ 

fcfi»#Jg2 licEttLfcJ:? W huE**'**-^ 

0. 0 5-0. 1 0cDffifflJ*££*pr5r 

*fctt:«l*q[2 2tcE«L^J:5ic, ttE««^^-> 
ttA 1 £ 9 45 -TSSMtJSl 9-2 1 co 5 

*>, v^-fiX!5»-qiE«o#tt*ffi*SSW-J:9. 
IS*Eg2 3 tcfE^LfcJ: SJEtS/^-^ttA 1 

- c u&&±*) tez - 1 &¥fmt-rzm#mi 9-2 1 

fctt»**2 4ic|fitfeLfcJ: 5W S5E««^^-> 
W\ *lEEE«X**BJiK. **^#«»*rfl§l^fc?y 
M7^v^Mt5: ££^£^51**311 9- 
2 3cD9^>. v^nd*-«E*^SM4*ffi«»l«*-J: 
9, ifctta*92 5!CSEtlfci:5^ ttE«tt'** 
HuEffi«S«*B±W *fi»«:Mt5:i 

^#m^"r^>fi*^i 9-2 3(7>9^> ^-r-tx^-^x 

£co^te^B&3£gic£ 9. *fctlBI**2 6lcE«l 
7t J: 9 W mjEfiH^-^dU WEffit*fi*iSJ: 

E«wiW4*ffltt*K^J:!J, * fctili^JS 2 7 i^St 



£-*-<5f»#JSl 9-2 3^3 ^1"fta*-JSE*tf># 
tt*ffl*»WfcJ:9, *fcttR*«2 8t^E«UfcJ: o 

m*M&-rz>z £*»*£i-sfl!#«i 9-2 3 co ^ 

l^n^-«E*^»ttSBtt£«U:J:9> Sfctt 
M*S2 9lcE«LfcJ: *JE«S'**->tt* flu 
EJE«£«SB±i:\ ^-K^^'^^tS: 
££«M»i-r5»#JSl 9-2 3cOo V^-ffta*— « 
E*^#tt*BS^£«lcj;i!K *fcr±»*S3 OlcE« 
L*:J:5W EtMi, BSEffi*S«*B^^J**ix 
fcA 1 ^M^it^l^^-^^J: 9 **JM**aS 
tt^^Ws^T, SfiE**^^ — ful^^X 
«±tcB*6Six63»tt*B«co«*^0. 0 4-0. i 

2cO«iia(Djf:$:^^"U ; milSiEmS^li. L i N b O3 
X*k«:*iM£, Y**7!)^Ztt^r^ic6 6-7 
4° wttH^AfttflsieS-tirfc^ffiSr^rL ; «TE«*^ 

suE;-E»x«*B±i-, wttftsiRoemK 

EIl^iMil^, HdEJE«S«*B.b^i3V^-CBuE 

*is^sa**ix, «rE*iw«««ttfl3B^ft-rs* 

«w««»J:9 4S*2<0««B«£Jfc 9 49, BfrE* 
2 co«S7F2««l*. SftE£Eflt***BJiJ-*5V^-CttE*tt 
*BSt(Og»a»tc^L, ^ii^mjE^2^m«m» 
K**Snfc«*<D«tt«<fc 9 45*3<amttJt«£. 
Sv^^*a{cta*«^lcSHR*ix. BftEfB 3 co««ltW 

co m tc-frtE-tzm&cDmmm t 9 4**4 
**BJl^cJ3v^TttE»^4*ffittoe^wiK^-3is*■rs 

j-KJftsn, «rEJB5^m«m»^Bic^ft-rsii*<o 

; «TE*4 <z>«««Stt, * iuEJBE 
«S«*Bii(ci3V^TSflE#tt*BS[^e»aB{cS5M 
L, *atCHftE*2W**»«lc««*ti^»ft^«« 

»««*tt, ME*7o«*»«oiB^^«E-rea[«^« 
t «t 9 9 , meib 5 (nffij&mmn, z h ^ wimzm 

X««B±^*5V^TflffE*tt*B«^e«aB^SS*r 
6J:5l-»«*n. #iiic«fE»4wm«»Wtc*|»$ 
nfcl»wtt» J: 9 45*9 i^iiiff t , SWc^ 
«fc«»£*x, lWEJR9C5«**B»coniHc^ft-r*«* 
cO««M«t 9 4-5JB 1 O^lMHtJ: 9 46*5 
^««<t 9 45r.i:^W«i:-r5#tt*BJS^^^^«- 

#RRL4*«&»W"r5. 

[ooillHUt EE«S*S*<09I9 au**r»W 




(8) 



-fZmVfoZo m 1 ft, L i T a O3 CO £ 0 

^fettX, Y, Z4r*-r5EE«¥tt*«r, *S*<*X<0@ 

[00 12] 02I1L i TaOa **S i&<0 6 lejiteY - X 

fc, "9 L i T a O3 £«±K#tt*ffiifc««S:7l2 

3 6° Y-XSfi^ tfcLiNbOs S 

«±K#tt*ffitt»B*»rt-r**&, 6 4° y-xs 

5^iliJ:5. **f*L ff^ft*. US77- 

4 2#RB 0 

[0013] 02^, mA-e^L^ftlftli. L i T a O 
3 <03 6° Y-XifiSffil:, JRJ5ri*i£n<a{R«4ft/j:« 
fcjRfiK Lfc»fr<0 L S AW<£>eifc«^£fr£ L 

/j!?»:^W 0 fcfd'U C(7)H-W-eii, Kovacs 
tCj:»9**^nrc^S^^«:^ofc (G. Kovacs ,et 
al.. Proc. 1990 IEEE Ultrasonic Symp. pp.435 - 43 
8) 0 

[0 0 14] U^L. G Hz *«cO«t 

[0015] $ tbtC, Bl 3 id, L i T a O3 g^JitCA 
9kk®mfiO<DMVte:*1-o fcfc: U m 3*. Mill 

[0016] -t L i T a O3 SMSi5X*<Z>[E]*te 

•9. GHz &m^^^X^ffi$i(D».mfc / Pte< > Qd ? ffi 
v^»tt*a5«3fi««:»ri8-*-5rfc*«-e#So ~co 




^¥9 - 1 6 7 9 3 6 



5iC, !)7^ fc° — ^ A, Btt.'^V^ttKfiBI-**) 

[00l7]lt 

Tao 3 mmi&titzmism&m&xxfift&ik&^KZ 

Zk&JLtii&tiULo 04, 5«\ tn€ni^5LiT 

a03 aW±^»*Lfc*tt*B»7^/U*OjB]*fta. 

«H56v\ ^@<EA 9 <dl i T a O3 g*£_h(c, 

■tj»a«aa*n5#tt*B«w«*o 1 o%ic/t5<t5 

[0018] 9^75^ J: yu^ra, 

<D[eIte^, tit)W7hAe^3 6° Y, 4 0° Y, 
4 2° Y*Jctl>*4 4° YOV^-fn^>»^tC k> ISIBI— <£> 

[0019] H5J:9 t>J)*Z> £ 9 LiTaO 

3 1^@^^4 0° Y-44° Y^^HiCfS^U 

C-85° C^«SH-C«, 0^0$:«(O3 6 O Y («! 

40° Y-42° YOttBKRfcLfcifrfr, »/J^A* 

[0 0 2 0] El 6 C±L i N b O3 **6S^> 0 ©fc 

Y-xX*_blc:?griiSix^*fi»^fflAa3feS:, 

"C^U/^ttlRta. L i NbOs CO 6 4° Y-XSM 

L S AWCoe»»*:^f1-^Lfc^cO'C N @(bft0^64 

L> rcoff^-CIL WarnerftltCi: 9 «ft 
ISSrffio^ (J. Acoust. Soc. Amer., 42, 1967, pp.12 
23 - 1231)) 0 
[0 0 2 1 ] LTi^L. GHz «*<0 J; 5 

^^bu, 02, 3 {c^mx^Lr-x 0 ^/hcoe^S 
d«ajfiacBttojKft^ 3 %coit^£^-r 0 

[0 0 2 2] -f^t?^>, L i N b O3 *^fsSfficO|B]^ 

ft0£fi£*cD6 4° J: «9 t>*A*^K*-r6ri:lc:J: 

«9, GHz «r*^*3V^-C*B«0«*^><C<, Q^iK 



(9) 



^9-167936 



[0 0 2 3 ] 

*CoV^r»3NBtC»Wr5o El 7 (A) W\ 

¥BEk HI 7 (B) tt-t^flSIUKBI"C*>So 
[0 0 2 4] El 7 (A) Z&m-tZ^ #tt^SlSt7^ 
rt^fiL i T a 0 3 £fcteL i N b O3 *»*^>IeHEY 

fcll^iMSRi ^ A*«Wia*»lK«fl5*«R 

fOUTi:S«Sti/h*2ro#M8Ri ' Atift'J 

m^^#^m^Ri 1 e5A*«i««{c««$n. m^m 
«ri 1 ^tn^miij«auc»«5Stt. ta^«ij«ii^»ifts 

[0 0 2 5 ] ^^cojffi^mt^Ri , Ri ' . R2 , 
R2 * , R2 " K*5l^C, A/jflOJfWfiid:, 

*l»<Z)M»i*2^«i»iU, S5JE*c 
Ri * , R2 , R2 * , R2 " left, X***["l±«OW« 

Ri , Ri * , R2 , R2 ' , R2 * »A 1 - 1 %C u 

[0 0 2 6] El 7 (B) RBI6 (A) 0):7 -f .'l^^^HB 
B»H*.*t» El 7 (B) Sr#fia-T5{c, ttB^SfiiRi 
4oJ:^Ri ' ttil^JSHfcSft. *^tc«t^««R 2 , R 

2 * *5±c/rz " *5afeWija*stfcv^o as ran 7 

(A) , (b) to#t^^BK7^/^^i-ov^r^»W^: 
#fo*tfc*/h»Aai*«r> L i T a O3 3M£iP 0 X« I 1 

[0 0 2 7] Ei8£#f!B-f5^ */MfA»5fcf±£*<0 
^7hft^^t^(Co|lt*>t> 4 2° iftia<0*v/ 
hft^^tft/hi^^r y b^^4 2 

^/V^ffiAtH^£0«^ibtl. LiTaOs S« 1 1 



[0 0 2 8] *JS«-Ctt. *7tL i T a O3 ¥«r££4E 

Sr^j&UlHiSixfc. El 9 (A) ttftJKIt^^iSS:^ 
r o El 9 (A) *#fi8-r^tc. fc7£J£te, 
/h»A**{c*tU-C l. 5 d BWJttS:*t5f*«B 
W 2 fc, 2 0dB^)«E«4^5f«(iBWi 
V\ BWi /bw 2 tcj:«9^.^bix5o ft^tt^Atv^ 

[0 0 2 9 ] El 9 (B) EI 7 (A) , (B) <7)#te 

*iB*7-<.^^^ov^T**WJc»e,nfcA*JtS:, EE 
fMl l<OUy hft 0coffl»i Lt.^to El 9 (B) 
£ 9 ;b7)*<5 J; 0 tc^ ftj&ttn* v hft 9 5 

*LTl(Cj£-^£ N 0=4 2° ^yhftt*/hil. 4 
7iCit-^5o *yh«U2 8 ^M^T^A-T^ 

£L<, t£oTEl9 (B) £9, LiTaOs m&<DjJ 
y hfiO tltll, 4 0-4 6° <^aSfflx W:4 0- 4 
4° c0«Sffl^s.#* LV^r<^ tJS^^o «PlC i/yhftfl 
^42° C»3£t5riliJ:9, *^#A»3fe«r»/Wk 

[0 0 3 01 Hi Ott, H7 (A) . (B) sutt-aesse 

"To El 1 0^> H^i"±L i T a O3 4 2° Y-XM 

i T a O3 <D3 6° Y-XSS«rS« 1 1 £ Ltffiofc 

[0 0 3 1 ] El 1 0 Sr#RR-r5^. iiifi««4#tt«8 8 
0MHz lC*^iaiR»S:WL. ^J4 0MHz O^il/^ii 

6^, 4 2° Y-XlS^ffio/:7f;^(0^, 

mio-eti. 7 ^ ./u^ waa««wc s s b wica 

m-tZ*yV T*t°-? A, B^«»J*tt^o 
[0 0 3 2] Hi 111* LiTaCh (OYHlKXSfiffi 

ft 0 tCoV^TttJ|fLfeiS**^-t*o Iflft-^, Kovacs 
fife (Bdffl) tcJt5«*Stt/ttt*^««rttofc 0 
[0 0 3 3 ] El l l SrWB-r-BIc, ««Wt««^ff8ck 

* (c * J: 9 « f| $ tt ft 31 ^ /u o «r S 
aflf*rtJ-y 7^4i:fc?)t6Bli^i:5, Eli 



(10) ftm¥-9 - 1 6 7 9 3 6 



1 J:^ % y hft 6 ft^ft«9 4 6° «TK»5£-*-*tf>a* 

[0 0 34] 012ft, 0 7 (A) , (B) <T>7 4 )V* 
(C^T, y hft-e»j45hfcL i T a O3 CO 

YUHg-xeiissJK i i ±jc^sttfc«»««^J*3 

12(7)H-»(:i3^tt, SfecofrJ^fi^ic, Kovacs flb 
[0 0 3 5] ^12i^) 5 i/^Fft^38 

itV^S-C*>5 4 0° ^5)4 6° cofiffl<-i£*Lfc:|§ 

V\, mi2£V^ Alfc5VMtAl-l%Cu&Mft 
<Ottlffl"^ft\ «1S<£>J¥£ft0. 0 7 — 0. 15<^«cia 

a*, ifcj(;yh^40H 4 4 8 co«$H-?ft, mteco 
ssno. o5-o. i o<o$6ffl-c#>6<o;a$#£ li\ 

[0 0 3 6] m 1 3 ft. 87 (A) , (B) <D7 -f vU* 
I^V^t, ft*^^ hft-CMStifcL i NbOs 

Y@e-x«^i« 1 1 ^ s* i i JiKjsfijs 

U 0 1 3cofj-W^fts ft<£> Warner ttOt£A^ft«rtt 

[0037] H] 1 3 J; 9 t>fi*Z X 0 t-s e*R«^ft. « 

H*tt«ClHJ0i--5^, S£5Kftt3n-CV^6 4° ^tcoeei 
(Eft-eft, »*«i«-i--5««JBW^3. 5%WTcoi:r 
6T»e*«ife*««/J>*c*-5wi36S*>d»S, L*>U — co 
»S\ «*JBff*s* M&fi#te3tS&coRS 
C0 4%£S;16£, fiHB»»lf»(:«*LtL*9c 
-£\ Sfi^)*7hft«:6 6 0 tt_bfc:R*i-5i:. fits 



ft£6 6° fiil±{CK^-*-SW^a*LV\ ««co 

IcttLT 1 2%«rtK*5 J: 5KJ»J*-rs*>as*fS U 
V\ mt-f#V\ L i NbOa 36«^>^y hftft6 6° 

[0 0 3 8 ] W±<0#3SfcW£i3^"C* »Sffifi)cftA 1 

-i%Cuilfc^ lt»4AltbBI*4Bffi s *fi 

t6o £Ac, L i TaOa S«±M«ffi*M^*«W 

*h «KillAu«t5i^i:(t mtecoJ¥£ftRg 

COO. 4-2. 1%C0®S^ V ^CLiNbOj S« 
-blCAu^««€:?^J«-f 6»^Cft, m«coif:^ftRg 
COO. 5-1. 7%^«SHtcK^^--5(^^»* Ll\ * 

fc, l i T a O3 Mii;Cu-etli^Mt5i^: 
ft, r^tcoo. 9-4. 5%<n$imicwrfe-rz><z>& s z 
hi^L i Nbo 3 s«_ticc u-ei^^Mt^i^c 
ft, RSCOI. 2-3. 6%co^ia^^-r5co^w* 

[ 0 0 3 9 ] m 1 4 (A) ft, EI 7 (A) C0#t£^t®R 
:7^*co -3E7f2f*I£\ ifcil4 (B) ft^rco^ffilel 
J&gj^^-r o fc*?U 0 14 (A) , (B) 5tef£» 
WLfctt»tctt[SI-^#HSflF**#L. »M«r«ie-r 
5 0 H4 (A) &#J8i-£K, JM±*ffitt7-r/^^tt 

5feco(U7 (a) (Dmmmtmm^^ LiTao 3 -^ftn 

L i N b O3 <itt*<Z>|EHEY«Jiiw»fi|£$n, A^lROS 

2co«p^m«Ri ' ^> a*«««*«»««ri com 

«R 2 ££^fr 0 
[0 0 4 0] El 14 (B) «r#fi8i--6i^ «»««Ri 

Ri , Rt ' , R2 , Rz 1 ft^etb-ettfiih^-Sr^fiK 
L, ffi^m^Ri ' ftRi ^«Jl/2^S*«:Wi-5o 

#^a«R 2 ' ft«^m«R2 co^j2f&co^s^ 

[0 0 4 1 ] rcoj: 5***<o*H4*ffi»7>f /u^-C 
t>, S«t- L i T a O3 ^ffio/c*^, lH](teft 0^38 
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